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ABSTRACT 
Chalcogenide superlattices (SL), formed by the alternate stacking of GeTe and Sb2Te3 
layers, also referred to as interfacial phase change memory (iPCM), are a leading 
candidate for spin based memory device applications. Theoretically, the iPCM structure 
it has been predicted to form a 3D topological insulator or Dirac semimetal depending on 
the constituent layer thicknesses. Here, we experimentally investigate the topological 
insulating nature of chalcogenide SLs using a helicity dependent time-resolved Kerr 
measurement. The helicity dependent Kerr signal is observed to exhibit a four cycle 
oscillation with π/2 periodicity suggesting the existence of a Dirac-like cone in some 
chalcogenide SLs. Furthermore, we found that increasing the thickness of the GeTe layer 
dramatically changes the periodicity, indicating a phase transition from a Dirac 
semimetal into a trivial insulator. Our results demonstrate that thickness-tuned 
chalcogenide SLs can play an important role in the manipulation of topological states, 
which may open up new possibilities for spintronic devices based on chalcogenide SLs. 
 2 
1. Introduction 
Topological insulators (TIs),1-5 the newest class of quantum materials in material science, are 
promising candidates for spintronic devices,3 quantum computation,6 and optical devices7 as 
the spins of the TI surface states (SSs) are polarized and orthogonally locked to the crystal 
momentum.8,9 TI states are characterized by metallic SSs which are protected from 
backscattering by time reversal symmetry (TRS),8-10 while the finite energy band gap of the 
bulk behaves like an insulator. Bi2Se3, Sb2Te3, and Bi2Te3, well known as TI materials, were 
discovered over the past several years.2 Discovering and exploring new TI or related 
topological materials has been a hotspot in materials research as part of the drive to utilize them 
in a variety of device applications. However, the alternate stacking of a TI with a normal 
insulator (NI) gives rise to an intriguing phenomena associated with topological phases in 
solids. Burkov et al. have theoretically predicted that the alternate stacking of a TI with a NI 
will form a topological superlattice (SL), which can be either TI, NI or a Weyl semimetal 
depending on how the topological surface modes are coupled by tunneling.11 Recently, TI based 
SLs, such as PbSe/Bi2Se312,13 and GeTe/Sb2Te3,14-16 have been experimentally examined and 
such SLs constitute a promising platform to control diverse topological phases. 
GeTe/Sb2Te3, a TI based chalcogenide SL, which consists of the alternate stacking of 
the ferroelectric NI GeTe with the TI Sb2Te3, is a leading candidate for the next generation non-
volatile electronic memory17 due to its ultra-low switching energy and outstanding durability 
of over 109 cycles as compared with the 106 cycles of conventional Ge2Sb2Te5 (GST225) based 
phase change random access memory (PCRAM).15 This newly introduced SL structure, also 
referred to as interfacial phase change memory (iPCM),15,16 a leading candidate for spin based 
memory device applications,16 is crystalline in both the RESET (low-conductivity) and SET 
(high conductivity) phases. This chalcogenide SL has been investigated experimentally and 
was found to exhibit interesting physical properties, which are thought to be related to the 
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topological nature of the RESET phase.16,18,19 Theoretical predictions based on ab initio 
calculations have shown that GeTe/Sb2Te3 SLs become either TIs, Dirac semimetals, or NIs 
depending upon the thickness of the individual blocks of GeTe and Sb2Te3.20-22 Inversion of the 
electronic bands occurs due to hybridization across the GeTe/Sb2Te3 interfaces, and the strength 
of the hybridization across the interface can be controlled by varying the layer thickness 
resulting in a transition between a Dirac semimetal, NI states or a Wyle semimetal.12,20,22 
However, to date, there has been no direct experimental evidence for a Dirac-like electronic 
energy band structure corresponding to spin polarized linearly dispersed SSs forming a Dirac 
cone5,23 in chalcogenide SLs. The detection of a Dirac-like cone in chalcogenide SL is, however, 
challenging because the Dirac-like cone is hidden by the heterostructure. In general, 
topological SSs have been observed using angle-resolved photoemission spectroscopy 
(ARPES),3,4,24 but this surface sensitive technique is only applicable to the SS located in the 
uppermost surface, making it difficult to detect the Dirac-like cone interfacial states in the bulk. 
Also another difficulty is a tendency of p-type conduction in GeTe/Sb2Te3 SLs, which hinders 
the direct observation of the Dirac-like cone as it is located above the Fermi energy.  Recently, 
a novel technique, helicity dependent time-resolved Kerr spectroscopy, has been used to detect 
the presence of the Dirac-like cone based on the optical Kerr effect (OKE) in the prototypical 
TIs, Sb2Te3 and Bi2Te3.25 Some advantages of this technique include, a simple experimental 
setup in which measurements can be performed in a transmission or reflection geometry in air 
and at room temperature without ultra high vacuum, contact free optical measurements, and 
high sensitivity to the Dirac-like cone structures on the surface or hidden from conventional 
techniques in the bulk.  
In this work, we unravel the buried topological interface states of GeTe/Sb2Te3 
chalcogenide SLs. We have used helicity dependent time resolved Kerr spectroscopy to detect 
the Dirac-like cone. The helicity dependent Kerr signal shows a four cycle oscillation with a 
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π/2 periodicity, which can be attributed to an OKE dominated by an interfacial Dirac-like cone. 
Furthermore, we have investigated variations in the topological phases by varying the GeTe 
layer thickness and found indications of a phase transition from a Dirac semimetal into a NI 
state with increasing GeTe layer thickness. 
2. Experimental Section 
2.1. Sample Fabrication:  The samples used in the present study were thin films of 
[(GeTe)n/(Sb2Te3)1]3 SL (where n is an integer), which were comprised of three periods of 
alternately grown GeTe and Sb2Te3 layers. The samples were grown on Si (100) substrates 
using helicon wave radio-frequency magnetron sputtering at 230 °C.26, 27 As-deposited (RESET 
state) chalcogenide SL samples with varying GeTe layer thickness over the range of 0.72 nm 
to 8.6 nm were grown while the Sb2Te3 layer thickness was fixed at 1.0 nm. A conventional 
GST225 polycrystalline (fcc-phase) film with a thickness of 40 nm was used for comparison. 
All samples were capped by a 20 nm thick layer of ZnS-SiO2 to prevent oxidation. The ZnS-
SiO2 layer is transparent to near infrared light and therefore makes no contribution to the 
observed signal. 
2.2. Time-resolved optical Kerr measurement: Optical measurements were carried out using 
a reflection geometry pump-probe setup (see Figure 1) which consisted of a Ti:sapphire laser 
system that generated a train of < 20 fs pulses at a wavelength of 830 nm (≈ 1.5 eV) at an 80 
MHz repetition rate. The optical penetration depth at 830 nm was calculated to be ~ 20 nm,28 
which is greater than the sample thickness up to the moderate GeTe layer thickness sample (4.3 
nm). Thus the effects of the optical penetration depth do not play an important role due to the 
presence of homogeneous optical excitation over the entire sample thickness, except for the 
thickest sample (GeTe layer thickness of 8.6 nm). The laser beam was split into two parts, 
hereafter referred to as the pump and the probe, with average powers of 140 mW and 2 mW, 
respectively. The pump and the probe pulses were co-focused onto the sample to a spot size 70 
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µm diameter. The probe beam was incident at the angle of ~10º with respect to the normal of 
the sample surface and the pump beam was incident closely to the normal as shown in Figure 
1. The probe pulse was p-polarized, while the polarization of the pump pulse was varied 
continuously from linearly to circularly polarized and back to a linearly polarized state by 
rotating a quarter-wave-plate (QWP). The time delay between the pump and probe pulses was 
introduced by a fast scan delay operated at a frequency of 19.5 Hz.25, 29 The pump induced 
change in the Kerr rotation of the probe pulses was monitored using balanced silicon photo 
diodes as a function of the pump-probe delay. The differential Kerr rotational signal was fed to 
a low-noise current amplifier to amplify the signal. The amplified signal was integrated by a 
digital oscilloscope over 700 scans to improve the signal-to-noise ratio. All measurements were 
performed in air at room temperature. 
3. Results and Discussion 
The transient Kerr rotation signals (Dqk) as a function of time delay observed for different pump 
polarization states, i.e., various QWP angles, are shown in Figure 2 for chalcogenide SL and 
conventional GST225 polycrystalline samples. Near zero time delay, an instantaneous change 
in the Dqk signal appears due to the photo-excitation of spin polarized electrons induced by the 
pump. The amplitude of the Dqk signal changes sign with the helicity of the pump polarization, 
and can be interpreted in terms of the inverse Faraday effect (IFE).30 For the chalcogenide SL, 
the peak amplitude of the Dqk signal as a function of the QWP angle is surprisingly different 
from that of GST225 as can be seen in Figure 2. To get more insight into the origin of this 
difference, the peak amplitude of the Dqk signal is plotted as a function of the pump polarization 
state as shown in Figure 3. The Dqk signal shows a periodic oscillation with the polarization of 
the pump for both samples. Interestingly, the chalcogenide SL sample exhibited four oscillation 
periods with a periodicity of π/2, while two oscillation periods with a periodicity of π were 
observed for the GST225 sample. The polarization dependent Dqk signal can be qualitatively 
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expressed as a combination of specular IFE and specular OKE contributions; a detailed 
discussion can be found in ref. [25], 𝛥𝜃#(𝛼) = 𝐴(𝐿sin4𝛼 + 𝐶sin2𝛼) + 𝐷,                                       (1) 
where  𝐿 = 𝑅𝑒 5 6(7).6(7)9:(;<:)7=,                                                          (2) 𝐶 = −𝐼𝑚 5 6(A)9:(;<:)7= .                                                      (3) 
Here, 𝛼 is the angle of the QWP, A is a constant term related to the pump intensity, D is a 
polarization independent background, and n is the refractive index of the medium. The first 
term in brackets, 𝐿sin4𝛼,  gives rise to an oscillation with a periodicity of π/2, which is 
attributed to the second order cascading (c(2).c(2)) OKE, where the second-order susceptibility 
c(2) associated with the topological band structure induced by strong spin-orbit (SO) 
interaction. The second term 𝐶sin2𝛼, which gives rise to oscillations with a period of π, is 
associated with the IFE, due to the third-order susceptibility c(3). The experimental 
observations can be well fit using Eq. (1), as shown by the solid line in Figure 3.  
For the case of the chalcogenide SL, it was found that L >> C, implying that the specular 
OKE dominates the IFE, resulting in a symmetric four cycle oscillation. The OKE contributes 
to Dqk  in the presence of strong SO coupling, which leads to the formation of a Dirac-like cone 
similar to the Dirac-cone in TI formed due to SO coupling.1,31,32 On the other hand, it is assumed 
that spatial inversion symmetry at the interfaces is broken by strain effects,33 leading a nonzero 
c(2), while TRS is preserved. Therefore c(2) at the interfaces will contribute to the OKE signal 
via a cascading nonlinear process.25  In the present study, [(GeTe)n/(Sb2Te3)1]3 SL consists of a 
fixed 1 nm thick of Sb2Te3 layer, a normal insulator,25, 34 in combination with a varying thickness 
ferroelectric GeTe insulator. It was confirmed that both crystalline Sb2Te3 and GeTe samples 
show a signal with a periodicity of π up to a certain thickness.25 Nevertheless, we have observed 
a strong oscillation with a period of π/2 for a thin SL film, confirming the fact that the Dqk 
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signal is not simply the sum of contributions from the GeTe and Sb2Te3 layers, but comes from 
the interfaces of the hybridized SL structure where Dirac like-cones may exist.16,19–21 Thus, a 
four period oscillation having a π/2 periodicity as a function of the light helicity suggests the 
existence of the Dirac-like cone or surface Rashba states35 at interfaces due to the strong SO 
coupling present in hybridized chalcogenide SLs. Theoretically it has been predicted that a SL 
formed by [(BiTeI)l(Bi2Te3)m] blocks, where l and m are integers, can act as a TI due to the 
presence of a strong Rashba effect.36 This is in contrast to conventional GST225 alloy, where 
the IFE dominates resulting in larger C than L values leading to a two period oscillation with 
π periodicity. This π periodic oscillation with helicity is also observed in conventional 
insulators, such as amorphous GeTe 25 and the semiconductor GaAs.37 Note that, here we have 
reported on a randomly oriented 40 nm thick polycrystalline GST225 resulting in oscillations 
with a period of π, although a single crystalline GST225 is expected to be a topological 
insulator as reported.38,39 Our observations on the GeTe/Sb2Te3 SL are also consistent with the 
results reported by Makino at el, who identified topological-like surface and interface states in 
GeTe/Sb2Te3 SL using THz absorption spectroscopy.40 Furthermore, theoretical studies based 
on ab initio computer simulations have predicted that the RESET phase of GeTe/Sb2Te3 SL has 
a Dirac-like cone on the surface as well as at internal interfaces.20-22  
Figure 4(a) shows the helicity dependence of the peak Dqk amplitude for various GeTe 
layer thicknesses. The helicity dependent Dqk exhibits an oscillation with a π/2 period with 
increasing GeTe thickness. Interestingly, with increasing GeTe layers thickness, the symmetric 
periodic oscillations change to asymmetric periodic oscillations and in addition the amplitude 
of the periodic oscillations decrease. The helicity dependent periodic oscillations can be well 
fit by Eq. (1) as shown by the solid line in Figure 4 (a) for different GeTe layer thicknesses. 
The fitting parameter L, attributed to the OKE contribution is associated with the presence of 
topological band structure, and C contribution associated with the IFE, have been extracted 
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using Eq. (1). The extracted L and C values as a function of the GeTe layer thickness are shown 
in Figure 4(b). For very thin GeTe layer thicknesses, the L (OKE) value is very large and 
dominates the C term (IFE) (here the C value is almost negligible) giving rise to a symmetric 
oscillation with a period of π/2 that suggests the existence of a Dirac-like cone.25 With 
increasing GeTe layer thickness, the OKE contribution to Dqk decreases while the contribution 
of the IFE component is enhanced, resulting in a decrease in the L value and a concomitant 
asymptotic increase in the C value, respectively, suggesting that the Dirac-like cone 
approaching the band gap opening at the G point. Therefore, a clear indication of a phase 
transition from a Dirac semimetal toward a NI is observed with increasing GeTe layer 
thickness.  For the case of the thick GeTe layer (~ 8.6 nm), the total thickness of a GeTe/Sb2Te3 
SL sample is ≈ 28.8 nm, a value larger than the optical penetration depth of ≈ 20 nm. The Dqk 
signal change in Fig. 4(a) is, however, not simply due to a reduction in number of detectable 
layers of the SL sample, since a drastic decrease was already observed when the GeTe thickness 
was increased from 0.72 to 4.3 nm, during which the L value changed by ≥ 50%. In this case 
the total thickness of the layers was within the optical penetration depth, i.e. the same number 
of SL layers was monitored. Furthermore, the effect of the bottom surface on the Dqk signal is 
negligibly small due to the use of a reflection geometry.  
Theoretically it has been suggested that four different layer stacking orders in 
GeTe/Sb2Te3 SLs can exist.20 As a result of phase equilibrium in thermodynamics, the RESET 
phase can have the stacking orders [··· Te-Sb-Te-Ge-Te-Ge-Te-Sb-Te ···] (Kooi; K)41 or [Ge-Te 
··· Te-Sb-Te-Sb-Te ··· Te-Ge] (inverted Petrov; iP),42 while the SET phase have the stacking 
orders [··· Te-Ge-Te-Sb-Te-Sb-Te-Ge-Te ···] (Petrov; P) or [Te-Sb-Te-Sb-Te ··· Te-Ge-Te-Ge] 
(Ferro; F).20 DFT simulations suggest both the iP and F phases have a Dirac-like cone, while 
the P and K phases do not have Dirac-like cones, although for F phase it does not appear at the 
G point as for the iP phase, but it appears along the line between A and H.43 The RESET phase 
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of an as-deposited chalcogenide SL is thus a mixture of K and iP phases. In this case, it is 
expected that the iP phase would show a larger L value, while the C term will dominate for the 
K phase. Here, we have seen that the L value decreases with increasing GeTe layer thickness. 
A possible reason for this behavior is hybridization across the interface of GeTe/Sb2Te3. An 
electronic band inversion occurs across the GeTe/Sb2Te3 interfaces due to hybridization effects 
and the strength of the hybridization effects decreases with increasing GeTe layer thickness 
resulting in the gradual disappearance of the Dirac like cones. The resultant band structure for 
the case of the thick GeTe layer (~ 8.6 nm) is dominated by bulk Rashba-type GeTe bands 
without a Dirac point.44, 45 On the other hand, the π/2-periodicity (L value) term from the GeTe 
layer is expected to have contribution dominantly from the surface Rashba bands as in Ref.[44]. 
If our observation was just simply the sum of signals from the GeTe and Sb2Te3 layers and if 
the surface Rashba effect dominates the value of L, an increase in the π/2-periodicity (L value) 
with increasing GeTe layer thickness should be seen. This is, however, not the case here. This 
fact implies that the signal from the GeTe/Sb2Te3 samples is not simply the sum of contributions 
from the GeTe and Sb2Te3 layers, but from the hybridized system, in which Dirac cones can 
exist at the interfaces.16,19–21 The nonzero L value for the thickest sample (GeTe layer thickness 
of 8.6 nm) may include contributions from the bulk Rashba-type bands in GeTe layer and thus 
the two contributions may be distinguished from Fig. 4. The increase in the value of the C term 
can thus be explained by the increase in the bulk Rashba-type GeTe bands. However, the real 
structure of the iPCM may be more complicated than the model GeTe/Sb2Te3 SL structure as 
intermixing of the layers has been reported.46 Even though intermixing takes place, since the 
resultant ternary compounds still possess topological insulating properties,47 it is expected that 
the large L value can be attributed to the topological properties of the GeTe/Sb2Te3 SL, although 
more experimental and theoretical works will be required to fully understand the topological 
properties. 
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4. Conclusion 
To conclude, we have investigated topological phases in chalcogenide superlattices comprised 
of alternately stacked layers of GeTe and Sb2Te3, also known as iPCM, using the helicity 
dependence of time-resolved Kerr measurements. A Kerr rotational signal with the helicity of 
the pump photons exhibits four oscillations with π/2 periodicity and is associated with a Dirac-
like cone, suggesting chalcogenide SLs behave like a Dirac semimetal. Furthermore, we have 
investigated the GeTe layer thickness dependence of the Kerr signal and found that a phase 
transition from a Dirac semimetal to a trivial insulating phase occurs with increasing GeTe 
layer thickness. Such a phase transition can be understood based on the extent of hybridization 
across the GeTe/Sb2Te3 interface. Our results may open up new pathways for developing 
spintronic devices based on iPCM. 
AUTHOR INFORMATION 
Corresponding Authors 
*Email: rmondal@bk.tsukuba.ac.jp (R.M.). 
*Email: mhase@bk.tsukuba.ac.jp (M.H.) 
Author Contributions 
M. H. organized this project. R. M. and Y. A. performed experiments. R. M. analyzed the 
data. Y. S. and J. T. fabricated the sample. R. M., Y. S., P. F., A. V. K., J. T. and M. H. 
discussed the results. R.M. and M.H. co-wrote the manuscript. 
Funding  
This research was financially supported by JST-CREST (No. JPMJCR14F1), Japan and 
JSPS-KAKENHI (No. 17H02908), Japan. 
ACKNOWLEDGMENT 
We acknowledge Ms. R. Kondou for sample preparation. 
 11 
REFERENCES 
(1)  Fu, L.; Kane, C.  L.; Mele, E.  J. Topological Insulators in Three Dimensions. Phys. 
Rev. Lett. 2007, 98, 106803. 
(2) Zhang, H.; Liu, C.-X.; Qi, X.-L.; Dai, X.; Fang, Z.; Zhang, S.-C. Topological Insulators 
in Bi2Se3, Bi2Te3 and Sb2Te3 with a Single Dirac Cone on the Surface. Nat. Phys. 2009, 
5, 438-442. 
(3) Chen, Y. L.; Analytis, J. G.; Chu, J. H.; Liu, Z. K.; Mo, S. K.; Qi, X. L.; Zhang, H. J.; 
Lu, D. H.; Dai, X.; Fang, Z.; Zhang, S. C.; Fisher, I. R.; Hussain, Z.; Shen, Z.-X. 
Experimental Realization of a Three-Dimensional Topological Insulator, Bi2Te3. 
Science 2009, 325, 178–181. 
(4) Xia, Y.; Qian, D.; Hsieh, D.; Wray, L.; Pal, A.; Lin, H.; Bansil, A.; Grauer, D.; Hor, Y. 
S.; Cava, R. J.; Hasan, M. Z. Observation of a Large-Gap Topological-Insulator Class 
with a Single Dirac Cone on the Surface. Nat. Phys. 2009, 5, 398–402. 
(5) Qi, X. L.; Zhang, S. C. Topological Insulators and Superconductors. Rev. Mod. Phys. 
2011, 83, 1057-1110. 
(6) Kitaev, A.; Preskill, J. Topological Entanglement Entropy. Phys. Rev. Lett. 2006, 96, 
110404.  
(7) Limonov, M. F.; Rybin, M. V.; Poddubny, A. N.; Kivshar, Y. S. Fano Resonances in 
Photonics. Nat. Photonics 2017, 11, 543−554. 
(8) Hsieh, D.; Xia, Y.; Wray, L.; Qian, D.; Pal, A.; Dil, J. H.; Osterwalder, J.; Meier, F.; 
Bihlmayer, G.; Kane, C. L.; Hor, Y. S.; Cava, R. J.; Hasan, M. Z. Observation of 
Unconventional Quantum Spin Textures in Topological Insulators. Science 2009, 323, 
919–922.  
(9) Hsieh, D.; Xia, Y.; Qian, D.; Wray, L.; Dil, J. H.; Meier, F.; Osterwalder, J.; Patthey, L.; 
Checkelsky, J. G.; Ong, N. P.; Fedorov, A. V.; Lin, H.; Bansil, A.; Grauer, D.; Hor, Y. 
S.; Cava, R. J.; Hasan, M. Z. A Tunable Topological Tnsulator in the Spin Helical Dirac 
Transport Regime. Nature 2009, 460 (7259), 1101–1105. 
(10) Roushan, P.; Seo, J.; Parker, C. V.; Hor, Y. S.; Hsieh, D.; Qian, D.; Richardella, A.; 
Hasan, M. Z.; Cava, R. J.; Yazdani, A. Topological Surface States Protected from 
Backscattering by Chiral Spin Texture. Nature 2009, 460, 1106-1109.  
(11) Burkov, A. A.; Balents, L. Weyl Semimetal in a Topological Insulator Multilayer. Phys. 
Rev. Lett. 2011, 107, 127205. 
(12) Nakayama, K.; Eto, K.; Tanaka, Y.; Sato, T.; Souma, S.; Takahashi, T.; Segawa, K.; 
Ando, Y. Manipulation of Topological States and the Bulk Band Gap Using Natural 
Heterostructures of a Topological Insulator. Phys. Rev. Lett. 2012, 109, 236804.  
(13) Sasaki, S.; Segawa, K.; Ando, Y. Superconductor Derived from a Topological Insulator 
Heterostructure. Phys. Rev. B 2014, 90, 220504. 
 12 
(14) Chong, T. C.; Shi, L. P.; Zho, R.; Tan, P. K.; Li, J. M.; Lee, H. K.; Miao, X. S.; Du, A. 
Y.; Tung, C. H. Phase Change Random Access Memory Cell with Superlattice-like 
Structure. Appl. Phys. Lett. 2006, 88, 122114.  
(15) Simpson, R. E.; Fons, P.; Kolobov, A. V.; Fukaya, T.; Krbal, M.; Yagi, T.; Tominaga, J. 
Interfacial Phase-Change Memory. Nat. Nanotechnol. 2011, 6, 501−505. 
(16) Tominaga, J.; Kolobov, A. V.; Fons, P. J.; Wang, X.; Saito, Y.; Nakano, T.; Hase, M.; 
Murakami, S.; Herfort, J.; Takagaki, Y. Giant Multiferroic Effects in Topological GeTe-
Sb2Te3 Superlattices. Sci. Technol. Adv. Mater. 2015, 16, 014402. 
(17) Wuttig, M.; Yamada, N. Phase-Change Materials for Rewriteable Data Storage. Nat. 
Mater. 2007, 6, 824–832. 
(18) Tominaga, J.; Simpson, R. E.; Fons, P.; Kolobov, A. V. Electrical-Field Induced Giant 
Magnetoresistivity in (Non-Magnetic) Phase Change Films. Appl. Phys. Lett. 2011, 99, 
152105. 
(19) Bang, D.; Awano, H.; Tominaga, J.; Kolobov, A. V.; Fons, P.; Saito, Y.; Makino, K.; 
Nakano, T.; Hase, M.; Takagaki, Y.; Giussani, A.; Calarco, R.; Murakami, S. Mirror-
Symmetric Magneto-Optical Kerr Rotation Using Visible Light in [(GeTe)2(Sb2Te3)1]n 
Topological Superlattices. Sci. Rep. 2015, 4, 5727. 
(20) Tominaga, J.; Kolobov, A. V.; Fons, P.; Nakano, T.; Murakami, S. Ferroelectric Order 
Control of the Dirac-Semimetal Phase in GeTe-Sb2Te3 Superlattices. Adv. Mater. 
Interfaces 2014, 1, 1300027. 
(21) Sa, B.; Zhou, J.; Sun, Z.; Tominaga, J.; Ahuja, R. Topological Insulating in GeTe/Sb2Te3 
Phase-Change Superlattice. Phys. Rev. Lett. 2012, 109, 096802. 
(22) Kim, J.; Kim, J.; Kim, K.-S.; Jhi, S.-H. Topological Phase Transition in the Interaction 
of Surface Dirac Fermions in Heterostructures. Phys. Rev. Lett. 2012, 109, 146601. 
(23) Hasan, M. Z.; Kane, C. L. Colloquium: Topological Insulators. Rev. Mod. Phys. 2010, 
82, 3045−3067. 
(24) Hsieh, D.; Xia, Y.; Qian, D.; Wray, L.; Meier, F.; Dil, J. H.; Osterwalder, J.; Patthey, L.; 
Fedorov, A. V.; Lin, H.; Bansil, A.; Grauer, D.; Hor, Y. S.; Cava, R. J.; Hasan, M. Z. 
Observation of Time-Reversal-Protected Single-DiracCone Topological-Insulator 
States in Bi2Te3 and Sb2Te3. Phys. Rev. Lett. 2009, 103, 146401. 
(25) Mondal, R.; Saito, Y.; Aihara, Y.; Fons, P.; Kolobov, A. V.; Tominaga, J.; Murakami, 
S.; Hase, M. A cascading Nonlinear Magneto-Optical Effect in Topological Insulators, 
Sci. Rep.  2018, 8 (1), 3908. 
(26) Saito, Y.; Fons, P.; Kolobov, A. V.; Tominaga, J. Self-Organized Van Der Waals Epitaxy 
of Layered Chalcogenide Structures. Phys. Status Solidi B 2015, 252, 2151 −2158. 
(27) Saito, Y.; Fons, P.; Bolotov, L.; Miyata, N.; Kolobov, A. V.; Tominaga, J. A Two-Step 
Process for Growth of Highly Oriented Sb2Te3 Using Sputtering. AIP Adv. 2016, 6, 
045220. 
 13 
(28) Ho, H. W.;  Song, W. D.;  Bai, K.;  Branicio,  P. S.;  Tan,T. L.;  Ji, R. ; Law, L. T.; Ng, 
C. M. ; Wang, L. Correlation Between Optical Absorption Redshift and Carrier Density 
in Phase Change Materials.  J. Appl. Phys. 2013, 114, 123504. 
(29) Hase, M.; Kitajima, M.; Constantinescu, A. M.; Petek, H. The Birth of a Quasiparticle 
in Silicon Observed in Time-Frequency Space. Nature 2003, 426, 51–54. 
(30) Kimel, A. V.; Kirilyuk, A.; Usachev, P. A.; Pisarev, R. V.; Balbashov, A. M.; Rasing, T. 
Ultrafast Non-thermal Control of Magnetization by Instantaneous Photomagnetic 
Pulses. Nature 2005, 435, 655–657.  
(31) Manchon, A.; Koo, H. C.; Nitta, J.; Frolov, S. M.; Duine, R. A. New Perspectives for 
Rashba Spin-orbit Coupling. Nature. Mater. 2015, 14, 871–882. 
(32) Qi, X. L.; Hughes, T. L.; Zhang, S. C. Topological Field Theory of Time-Reversal 
Invariant Insulators. Phys. Rev. B 2008, 78, 195424. 
(33) Kalikka, J.; Zhou, X.; Dilcher, E.; Wall, S.; Li, J.; Simpson, R. E. Strain-engineered 
Diffusive Atomic Switching in Two-dimensional Crystals. Nat. Commun. 2016, 7, 
11983. 
(34) Jiang, Y. P.; Wang, Y. L.; Chen, M.; Li, Z.; Song, C. L.; He, K.; Wang, L. L.; Chen, X.; 
Ma, X. C.; Xue, Q. K. Landau Quantization and the Thickness Limit of Topological 
Insulator Thin Films of Sb2Te3.  Phys. Rev. Lett. 2012, 108, 016401. 
(35) Zhang, Y.; He, K.; Chang, C.-Z.; Song, C.-L.; Wang, L.-L.; Chen, X.; Jia, J.-F.; Fang, 
Z.; Dai, X.; Shan, W.-Y.; Shen, S.-Q.; Niu, Q.; Qi, X.-L.; Zhang, S.-C.;  Ma, X.-C.; 
Xue, Q.-K. Crossover of the Three-Dimensional Topological Insulator Bi2Se3 to the 
Two-Dimensional Limit. Nat. Phys. 2010, 6, 584–588. 
(36) Zhou, J. J.; Feng, W.; Zhang, Y.; Yang, S. A.; Yao, Y. Engineering Topological Surface 
States and Giant Rashba Spin Splitting in BiTeI/Bi2Te3 Heterostructures. Sci. Rep. 2014, 
4, 3841. 
(37) Wilks, R.; Hughes, N. D.; Hicken, R. J. Investigation of Transient Linear and Circular 
Birefringence in Metallic Thin films. J. Phys.: Condens. Matter 2003, 15, 5129–5143. 
(38) Kim, J.; Kim, J.; Jhi, S.-H. Prediction of Topological Insulating Behavior in Crystalline 
Ge-Sb-Te.  Phys. Rev. B 2010, 82, 201312. 
(39) Kellner, J.; Bihlmayer, G.; Liebmann, M.; Otto, S.; Pauly, C.; Boschker, J. E.; 
Bragaglia,V.; Cecchi, S.; Wang, R. N.; Deringer, V. L.; Küppers, P.; Bhaskar, P.; Golias, 
E.; Sánchez-Barriga, J.; Dronskowski, R.;  Fauster, T.; Rader, O.;  Calarco, R.; 
Morgenstern, M. Mapping the Band Structure of GeSbTe Phase Change Alloys Around 
the Fermi Level. Communications Physics  2018, 5, 1. 
(40) Makino, K.; Kuromiya, S.; Takano, K.; Kato, K.; Nakajima, M.; Saito,Y.;  Tominaga, 
J.; Iida, H.; Kinoshita, M.; Nakano, T. THz Pulse Detection by Multilayered 
GeTe/Sb2Te3.  ACS. Appl. Mater. Interfaces. 2016, 8, 32408-32413. 
(41) Kooi, B.; Hosson, J. T. M. D. Electron Diffraction and Highresolution Transmission 
Electron Microscopy of the High Temperature Crystal Structures of GexSb2Te3+x (x = 
1,2,3) Phase Change Material. J. Appl. Phys. 2002, 92, 3584−3590. 
 14 
(42) Petrov, I. I.; Imamov, R. M.; Pinsker, Z. G. Electron-diffraction Determination of the 
Structures of Ge2Sb2Te5 and GeSb4Te7.  SoV. Phys. Crystallogr. 1968, 13, 339. 
(43) Kim, J.;  Kim, J.; Song,Y.-S.;  Wu, R.; Jhi, S.-H.; Kioussis, N. Weyl Node Assisted 
Conductivity Switch in Interfacial Phase-Change Memory with van der Waals 
Interfaces. Phys. Rev. B 2017, 96, 235304. 
(44) Liebmann, M.; Rinaldi, C.; Di Sante, D.; Kellner, J.; Pauly, C.; Wang, R. N.; Boschker, 
J. E.; Giussani, A.; Bertoli, S.; Cantoni, M.; Baldrati, L.; Asa, M.; Vobornik, I.; 
Panaccione, G.; Marchenko, D.; Sánchez-Barriga, J.; Rader, O.; Calarco, R.; Picozzi, 
S.; Bertacco, R.; Morgenstern, M. Giant Rashba-Type Spin Splitting in Ferroelectric 
GeTe(111). Adv. Mater. 2016, 28 (3) 560–565. 
(45) Rinaldi, C.; Varotto, S.; Asa, M.; Slawinska, J.; Fujii, J.; Vinai, G.; Cecchi, S.; Calarco, 
R.; Vobornik, I.; Panaccione, G.; Picozzi, S.; Bertacco, R. Ferroelectric Control of the 
Spin Texture in GeTe. Nano Lett. 2018, 18, 2751–2758. 
(46) Wang, R.; Lange, F. R. L.; Cecchi, S.; Hanke, M.; Wuttig, M.; Calarco, R. 2D or Not 
2D: Strain Tuning in Weakly Coupled Heterostructures. Avd. Funct.Mater. 2018, 
1705901. 
(47) Eremeev, S. V.; Rusinov, I. P.; Echenique,P. M.; Chulkov, E. V. Temperature-Driven 
Topological Quantum Phase Transitions in a Phase-Change Material Ge2Sb2Te5. Sci. 
Rep. 2016, 6, 38799. 
 
 
 
 
 
 
 
 
 
 15 
 
 
 
 
 
Figure 1. Schematic design of a GeTe/Sb2Te3 chalcogenide SL investigated by time resolved 
Kerr rotational spectroscopy.  
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Figure 2. Transient Kerr rotational signal (Dqk) with various angles of quarter wave plate 
(QWP) measured for (a) GeTe/Sb2Te3 chalcogenide SL and (b) conventional GST225 films. 
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Figure 3. Pump polarization dependent peak amplitude of Dqk signal for (a) GeTe/Sb2Te3 
chalcogenide SL and (b) GST225 films. The solid line represents a fit to the data using Eq. (1). 
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Figure 4. (a) The Dqk signal as a function of the pump helicity for three different thicknesses 
of the GeTe sublayer corresponding to 0.72, 4.3 and 8.6 nm, respectively. (b) The L and C 
values obtained using Eq. (1) are plotted as a function of the GeTe layer thickness. The solid 
line is a guide to the eyes. 
 
